Why was the cohort set up?
Chronic obstructive pulmonary disease (COPD) affects 5-10% of people worldwide (1) , is rising in prevalence (2) and is the third most common cause of death (3) . The annual burden of COPD regarding healthcare (mainly exacerbations resulting in emergency admissions) and societal (predominantly lost productivity) costs was estimated to be around $49.9billion in the USA (2010 prices (4) ) and €48.4billion in the EU (2011 prices (5) ). A substantial proportion of those with COPD are of working age, but there is some evidence that they have poorer employment history (6) , higher rate of sickness absence (7) and poorer work performance (presenteeism) (8) compared to the general population.
There remains much uncertainty about the natural history of COPD (9, 10) and which interventions are effective in altering the course of early disease. Furthermore, up to 85% of cases (11) (12) (13) are undiagnosed; representing many with potentially unmet need. Partly in response to reports (14- 16) highlighting the burden of COPD, extent of underdiagnosis and uncertainty about prognosis of early disease, expert reviews have highlighted a need for further longitudinal data (9, 10) . However, established cohorts usually represent secondary care patients with more advanced disease, with short duration of follow up and, generally small samples (17) (18) (19) . While large population cohorts have sometimes addressed questions relevant to COPD (20) (21) (22) (23) (24) (25) (26) (27) (28) , limitations in outcome measures and quality of lung function testing provide insufficient data to inform the COPD arena. Importantly, there are no primary care COPD cohorts with case-found patients and few with patients representing the full range of disease severity, particularly those with mild to moderate disease, and diverse socioeconomic mix.
In recent years, several studies have also focused on patients reporting respiratory symptoms but who have normal lung function (former GOLD severity stage 0 (29) ). The evidence on progression to COPD is limited and contradictory (23, 30, 31) and methods for assessing symptoms are inconsistent (23, 32) . Thus there is also a paucity of evidence on the clinical relevance and natural history for this patient group.
Better understanding of natural history and prognostic factors is needed to facilitate consultations, and to inform management decisions and health service planning. Existing COPD prognostic indices (PI) mainly focus on predicting mortality risk (17, [33] [34] [35] [36] , though others were developed to predict additional outcomes such as exacerbations (37, 38) , COPD-related hospitalisation (39) , respiratory hospital attendance/admission (40) , exacerbation or hospitalisation (41, 42) . Only three indices (38, 41, 42) were derived in primary care populations despite this being where most COPD patients are managed, and most included patients with more severe established disease. No indices were developed in populations that included case-found patients. The methods and basis for selecting prognostic variables are rarely described, and the feasibility of obtaining all the required measures in non-specialist settings is not always considered. The paucity of evidence from the primary care setting as well as the other limitations suggests that further validation is required. Furthermore, the low discriminatory ability of most of the existing indices suggests that other important potential measures (e.g. co-morbidities, occupation or serum inflammatory markers) may need to be considered to improve prognostic prediction and usefulness of the indices.
Our prospective cohort study with an initial three-year follow up period, allows cross-sectional and longitudinal analyses. The aim is to identify the most appropriate COPD prognostic index for use in a primary care population (with all cause hospitalisation as primary, and respiratory hospitalisation, exacerbations, primary care consultations and mortality as secondary outcomes), to examine factors associated with employment and work productivity among those with COPD of working age, to develop a platform to test novel interventions and to provide a data source for additional analyses of relevance to patient benefit. 
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Who is in the cohort?
Patients were recruited from 71 General Practices (GP) across the West Midlands, UK and include three patient groups: those with diagnosed COPD according to GP records (prevalent cases), previously undiagnosed patients with respiratory symptoms and airflow obstruction confirmed by spirometry (incident cases) and symptomatic patients with normal lung function confirmed by spirometry ('symptomatic normals'). The latter two groups were identified through a linked casefinding trial (43) .
To inform prognostic model development, we aimed to recruit 2000 patients. The sample size assumes that 25% of COPD patients will be hospitalised in the three-year period, a 30% loss-tofollow up and 12% three-year mortality.
Identifying potentially eligible patients
The process of identifying eligible patients differed according to the patient group. The sampling frame for the prevalent cases comprised patients aged 40 years and over, with diagnosed COPD. Standardised electronic searches were conducted in participating practices to identify patients on the COPD QoF register (COPD14). The resulting lists were screened by a clinician who excluded patients deemed unsuitable due to terminal illness, being housebound, inability to give informed consent and other adverse social factors (e.g. recent bereavement, alcohol dependency).
A full description of the eligibility criteria for the case-finding trial was published previously (43) . In brief, eligible patients were aged 40 to 79 who reported relevant respiratory symptoms on a screening questionnaire. Patients were subsequently invited to the Cohort study if, they had indicated willingness to be contacted about other studies.
Patient recruitment
Eligible patients were sent an invitation letter and study information sheet from their GP, with up to two reminders to non-responders. Interested patients were invited to an assessment visit at either their General Practice or alternative local health centre, where informed consent was obtained ( Figure 1 ).
[ Figure 1 here]
Generalisability of cohort
Basic demographic data (sex, age and ethnicity) were obtained for all identified eligible patients from their primary care records (Table 1) . Overall, those who consented to take part were more likely to be male and of White British ethnicity. Among prevalent cases, those who consented were slightly younger than other eligible patients, whereas the reverse was true for those identified through case-finding.
[ Table 1 here]
Sample characteristics
Prevalent cases were older, more likely to be of White British ethnicity, less likely to be in paid employment and more deprived compared with the other two patient groups ( Table 2 ). The observed differences may be due in part to the previously described eligibility criteria for the casefinding trial. Prevalent and incident cases were more likely to be male (61.6% and 61.0% respectively), but the sex-distribution was similar (52.8% male) in symptomatic normals. Incident cases had the highest proportion of current smokers (33.6%), compared with prevalent (28.3%) and symptomatic normals (19.4%). Only 10.4% of prevalent cases were never smokers compared with incident cases (14.7%) and symptomatic normals (19.1%).
[ Table 2 here] How often have they been followed up?
Patients receive six-monthly postal questionnaires (at 6, 12 18, 24, 30 months), with one reminder to non-responders. Follow-up study assessment visits (from March 2015) will be arranged three years after baseline, or as close as is feasible within the study period. We plan to apply for additional funding to extend the follow-up period beyond the initial three years.
What has been measured?
Baseline assessment visits, lasting an average of 90 minutes, were conducted by trained research assistants, using standardised protocols and recording data on a standardised Case Report Form. A high standard for spirometry training was achieved using a short modified programme modelled on the ARTP Spirometry course by the lung function unit at Queen Elizabeth Hospital Birmingham. Refresher training, quality monitoring and feedback were undertaken throughout the study. Research assistants were also trained in study-specific measures, phlebotomy and Good Clinical Practice (GCP).
Lung function was assessed using the ndd Easy One spirometer (ndd, Switzerland), before and 20 minutes after administration of 400 micrograms Salbutamol. A minimum of three and a maximum of eight blows pre-bronchodilator and six blows post-bronchodilator were permitted, or less if repeatability within 100mls was achieved, after which the best result was taken. Customised software (MMiller) was used to ensure real-time display of volume-time and flow-volume graphs for quality assessment. At baseline, all traces were over-read and data for forced expiratory volume in 1 second (FEV 1 ) and forced vital capacity (FVC) were considered usable if they met ATS acceptability criteria and were reproducible to within 200 ml. A summary of prognostic, outcome and other variables assessed by either direct measurement or through questionnaires, is provided in Table 3 . Height was measured to the nearest 0.1cm using a Leicester height monitor, and weight (to the nearest 0.1kg) and body fat were assessed using Tanita BC-420SMA body composition scale. Grip strength was measured to the nearest 1kg with a Saehan hydraulic hand dynamometer. Exercise capacity was assessed using the sit-to-stand test, which has been shown to be a valid alternative to the 6-minute walk test (44) and is more practical in primary care settings.
Data from occupational measures will contribute towards a nested study, to be reported separately.
[ Table 3 here]
What has been found? Key findings and publications
Key findings:
While there is broad consensus that the Lower Limit of Normal (LLN) should be used instead of the fixed ratio (FEV 1 /FVC<70%) for defining airflow obstruction (AO) in epidemiological studies (45, 46) , we present data for both criteria. Using the fixed ratio allows comparability with i) UK primary care practice in accordance to guidelines (47) and ii) other studies, which historically have used this definition. Our assessment visit spirometry confirmed AO in only 86.4% of prevalent cases using the fixed ratio criteria and 71.9% using LLN (Table 4 ). Lung function variability was also evident in patients recruited from the linked case-finding trial, even though spirometry in both studies was conducted by identically-trained researchers, using the same spirometers and protocols. At the Cohort baseline assessment, 81.2% of previously-defined incident cases and 14.0% of previouslydefined symptomatic normals had AO (using the fixed ratio). The observed discrepancies may be explained in part by within-test reproducibility of FEV1 and FVC (repeatability) (48) and between-test variation in bronchodilator response (reversibility) (49); however among prevalent cases it could also indicate misdiagnosis, which will be explored in a subsequent paper.
The baseline characteristics of the prevalent, incident and symptomatic normal patients are summarised in Table 5 . Compared with other groups, prevalent cases have more severe AO (23.6% versus 1.8% were GOLD stages 3-4), a higher rate of reporting chronic bronchitis (symptoms of cough and phlegm for as much as three consecutive months each year), wheeze, and severe dyspnoea (~⅔ reporƟng MRC grade 3-5, compared to ⅓ among other groups).
Prevalent cases also reported worse general (EQ5-D) and disease-specific (CAT) health-related quality of life. Compared with incident cases, those with prevalent COPD had lower exercise capacity, a higher frequency of exacerbations (defined as having a course of prescribed antibiotics or systemic steroids alone, or in combination (50)) over the previous year, and higher rates of all-cause and respiratory-related hospitalisations. However, the prevalence of major diagnosed co-morbidities (including diabetes, cardiovascular disease, osteoporosis, fractures, depression or peptic ulcers) did not differ between groups.
Overall, 4.2% of the cohort were underweight, and over a third were obese. The proportion underweight was greatest among prevalent cases (5.1%), whereas obesity was most common among the symptomatic normals (46.4%).
[ Table 4 here] Multivariable analyses adjusting for sex, age, smoking status and severity of AO, were undertaken to compare characteristics of prevalent and incident cases ( Table 5 ). Incident cases were half as likely to report chronic cough and wheeze compared with prevalent cases, though no difference was found regarding chronic bronchitis or presence of co-morbidities. Incident cases were less likely to report severe dyspnoea (MRC grades 3-5), had higher generic and disease specific quality of life scores, higher BODE 1 index, indicating lower mortality risk and fewer all-cause and respiratoryrelated hospitalisations.
Restricting the analyses to patients with confirmed airway obstruction at the cohort baseline assessment for the prevalent and incident cases did not alter the direction of the findings, although the magnitude of effect altered slightly.
The above analysis confirms that incident cases identified through case-finding have less severe disease. Nevertheless, the majority (84%; 278/331) of incident cases have the potential to benefit from having been identified, if evidence-based interventions are administered. One third were current smokers and would benefit from intensive smoking cessation interventions. Over a third reported severe (MRC grade 3-5) dyspnoea, with potential to benefit from pulmonary rehabilitation (47) and over half reported symptoms of chronic cough, which can be responsive to pharmacotherapy (47). Longitudinal follow-up is needed to assess whether these potential benefits of early diagnosis are realised.
The data also highlight the need to explore the symptomatic normals that report comparable comorbidities to other groups, and are similar to incident patients in respect of dyspnoea, CAT and EQ-5D scores as well as history of hospitalisations. Longitudinal analyses will determine whether symptomatic normals represent a pre-COPD stage, and if so, which factors affect future prognosis.
[ Table 5 here]
Publications:
The study design and interim analyses have been presented at several international meetings including COPD8 in 2012, the Annual Congresses of the European Respiratory Society in 2013 (51) and 2014 (52) , the World Conference of the International Primary Care Respiratory Group 2014 and the International Conference of the American Thoracic Society 2014 (53) . Other print publications are in preparation.
What are the main strengths and weaknesses?
The inclusion of case-found patients provides the novel opportunity to characterise and follow a subgroup of previously undiagnosed COPD patients, many of whom have mild to moderate COPD and were under-represented in previous cohort studies.
Establishing a large primary care COPD cohort and assessing a wide range of outcomes will enable us to test the external validity of existing prognostic indices (PI), and if necessary adapt or develop a new PI suitable for use in the primary care setting.
A further strength is the inclusion of symptomatic patients with normal lung function. Longitudinal data on this patient group may identify modifiable factors affecting progression. As with other chronic diseases, early detection and management of such patients may prevent or delay progression of the condition.
Conducting the study assessments within General Practices was a pre-requisite, due to the administration of Salbutamol to assess reversibility. Unfortunately this requirement precluded housebound patients from participating, who may have had more severe COPD. Thus the findings are likely to be more relevant to an ambulatory primary care COPD population, with predominantly mild to moderate disease.
Despite the setting, ethnic diversity within our cohort was limited. Although a translated cover sheet was enclosed at initial invitation, lack of resources prohibited use of multiple recruitment strategies, such as snowball sampling, peer researchers and contact with key community leaders (54) , which may have boosted recruitment of those for whom English was not their first language.
Can I get hold of the data? Where can I find out more?
The data are held by the BLISS research team at the University of Birmingham. Copies of the questionnaires, measurement procedures and administrative processes are available on request, through our website (www.birmingham.ac.uk/bliss). Copies of published and in-press papers will also be available on the website. Potential collaborators should contact the programme manager or the principal investigators in the first instance, before completing a formal New Research Proposal pro forma (see website for details). Proposals are assessed for feasibility, potential overlap with ongoing work and cost to participants. Successful collaborations to date include projects between research team members and others with complementary skills both within and external to the University of Birmingham (see website for details) and hosting of post-graduate research students. We very much welcome new opportunities for collaboration.
Birmingham COPD Cohort study profile in a nutshell:
• This is the first primary care based cohort of COPD patients including both existing and casefound patients, as well as those with chronic respiratory symptoms and normal lung function
• This prospective cohort study will identify the most appropriate prognostic index for use in a primary care COPD population, which best predicts risk of hospital admission
• A total of 2302 patients aged 40 and above were recruited from 71 General Practices across the West Midlands, UK and include: those with diagnosed COPD, previously undiagnosed patients with respiratory symptoms and airflow obstruction confirmed by spirometry and symptomatic patients with normal lung function confirmed by spirometry.
• Clinical assessments were conducted at baseline (2012-2014) and three-year follow-up, with postal questionnaires completed at six-monthly intervals. 2107 patients remained eligible on commencement of follow-up assessments.
• Data collected includes spirometry, physiological and anthropometric measures, as well as biological samples, self-completed questionnaires and linkage to health and social care data.
• We welcome new opportunities for collaboration and copies of the questionnaires, measurement procedures and administrative processes are available on request, through our website.
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